P, V m , Tdata have been measured for the smectic, nematic and isotropic phases of 4'-n-octyl-biphenyl-4-carbonitrile (8CB) in the temperature range 300-370 K and pressures up to 300 MPa. At atmospheric pressure all phase transitions appear to be of first order due to a discontinuity in the density. The volume change at the smectic A -nematic transition is only a tenth of the volume change at the clearing temperature. At moderate pressures below 80 MPa the S A -N transition could be detected as a discontinuity in the period of oscillation in measurements with a high-pressure vibrating tube densimeter. At higher pressures the discontinuity seems to die away, possibly indicating a change from first order to second order transition. From the volume changes and the slopes of the transition lines we calculate the enthalpy changes at the phase transition. The p, V m , T data enable us to calculate the volume part of the entropy and the molecular field parameter y=9ln 7 N i/3ln V NI .
Introduction
In recent papers we reported p, V m , T data for 5CB [1] , 6CB and 7CB [2] , which are typical representatives of liquid crystals with rod-like molecules, exhibiting nematic phases at moderate temperatures. In this paper we extend the investigation to 8CB, which displays additionally a smectic A phase (S A ). The nature of the S A -nematic (N) transition is not clear [3] . In general it is described as being of second order, due to the vanishing enthalpy and volume change at this transition. Other authors proposed that the S A -N transition possibly changes to second order at elevated pressures [4] , In the present work we perform careful volume measurements in the smectic, nematic and isotropic phases of 8CB. In particular the pressure dependence of S A -N transition will be investigated.
Experimental
The high-pressure dilatometric cell has been described previously [1, 5] . In general the volume changes are recorded after equilibration of the temperature on decreasing the pressure. The densities at normal pressure are determined with a commercial vibratingtube densimeter (Anton Paar DMA58). Additionally a high-pressure densimeter has been used in order to Reprint requests to Prof. A. Würflinger; Fax: +49 234-7094-183. E-mail: Albert.Wuerflinger@ruhr-uni-bochum.de pursue the S A -N transition at moderate pressures. To this end a special device was constructed in order to fill the high-viscous smectic sample into the measuring cell [6] .
The 8CB (M=291.4 g mol -1 ) samples were obtained from Merck and used without further purification. The liquid crystalline phases were not oriented in the dilatometer.
Results
In Fig. 1 the specific volume is plotted as a function of pressure and temperature. The largest step is observed at the transition from the crystal to the smectic A phase. The volume change at the nematic -isotropic transition is much smaller, nevertheless visible at all pressures. The volume change at the S A -N transition (0.06 cm 3 mol -1 -0.02%) is a magnitude smaller, just of the order of the detection limit; it is clearly detectable as a discontinuity in Fig. 2 , where the specific volume is shown in function of temperature of atmospheric pressure. According to this discontinuity, the S A -N transition is considered as a first order transition that has also been proposed by Leadbetter et al. [7] . Literature data at ambient pressure are reported by Dunmur and Miller [8] , Labno et al. [9] , Shirakawa et al. [10] , and Leadbetter et al. [7] and collected in 
The S A -N transition could not be detected as a discontinuity in the high-pressure dilatometer. At most a break in the slope of the isotherms was visible at low pressures. [7] A better resolution is observed with the high-pressure vibrating tube densimeter. In Fig. 3 the S A -N transition is seen as a discontinuity in the period of oscillation up to 40 MPa. At pressures higher than 80 MPa the S A -N transition cannot be detected. The specific volume data are collected in detail in Table 2 ; a solid line in a column separates different phases.
The phase diagram is presented in Fig. 4 , where also previous data obtained with DTA [11] and high-pressure optical measurements [12] have been included. The crystal -smectic A and smectic A -nematic phase boundaries converge, resulting in a triple point at p = 300 MPa,
The pressure dependences of the phase transition temperatures have been fitted to polynomials and are collected in Table 3 . There is no indication of metastable or reentrant phases, in agreement with a recent high-pressure X-ray study [14] . In [14] an anomaly in the layer spacing was observed at about 150 MPa for 8CB. Our dilatometric study does not exhibit any discontinuity in the isotherms. The estimated volume changes, AV, and thermodynamic calculations of AH, and AS" are presented in Table 4 . Although the volume step AV NI seems to be better defined than in the case for 5 CB, we cannot assign a significant pressure dependence, let alone for the S A -N transition. Anyway, the discontinuity in the density at the N-I transition seems not to die away with increasing pressure.
A lot of atmospheric pressure data are available for comparison; some literature data for the S A -N and N-I transitions are collected in 
Discussion
Regarding the thermodynamic properties at the phase transitions the volume change at the S A -N transition is of particular interest. Our findings as well as those of Dunmur et al. [7] for 8CB and Orwoll et al. [18] for 80CB (they report a density change of 7-10 -5 cm 3 g -1
at the S A -N transition) support its first order nature. However, Thoen et al. [3] report a second order transition. At higher pressures the discontinuity seems to die away. Similar finding is reported for 80CB with heat capacity measurements [19] . Bauman et al. [17] As in previous papers we can split the entropy change, AS tr , at a first-order phase transition into a constant-volume (or configurational) part, and a dilatational part [1, 2] . The latter part is evaluated using ourp, V m , Tdata: AS v =(^V) T AV tI =(dpW) v AV tI .
Combining with the Clausius-Clapeyronequation 0p/97) tr =AS tI /AV tT yields AS conf /A V» = [@p/dT) ü -(dp/dT) v ]. Figure 5 shows that in agreement with previous finding the configurational part AS conf amounts to approximately 50% of AS tr .
The pressure dependence of the nematic -» isotropic (T m (p)) phase transition can be combined with thep, V m , T data, in order to determine the slope y=d ln T M /3 ln V M , which is related to the molecular field potential. Figure 6 shows a plot for 8CB, which yields y= 4 for 8CB. This value is somewhat smaller than found for 5 CB and 6CB, but still significantly exceeding 2 (that would correspond to only attractive forces).
